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STUDY OF 11-—+p INTERACTIONS AT HIGH ENERGY

F. R. Huson, S. Pruss, National Accelerator Laboratory

B. Daugeras, G. Goldhaber, Lawrence Radiation Laboratory

H. H. Bingham, W. B. Fretter, University of California

We propose an experiment in the 30" hydrogen bubble chamber
consisting of 30,000 w—+proton interactions (&50,000 pictures).
This would be an exploratory type of experiment to look for new
phenomena and study diffraction dissociation.,

Beam. Negative beam of 150 GeV/c

oe

Ap/p = 0.1
AB = 0.2 mrad
10 - 15 beam tracks per picture {15 gives 46% of the
photos with 0 interactions, 37% with 1 inter-
action and 17% with 2 or more)
Optional
8erenkov for distinguiéhing p and possibly K.
This information can be stored in the 30"
data box.
This should be gquite feasible (SP).
Physics.
1. Search for new phenomena. Physicists will scan all of
the film.
2. Diffraction dissociation. This group of physicists has
studied diffraction dissociation by 7w, K and protons. Our aim in
this experiment will be to measure all events with a proton be-

tween 140 MeV/c (1 cm range) and 350 MeV/c (25 cm range) and
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three or more pions. This includes n50% of the diffraction dis-
sociation events. For this range of momentum the error on the
invariant mass M (for the system of all outgoing particles
except the p) is mostly due to Aé6

AM g p;p, sin 8 Ao/M
where 6 is the angle between the outgoing proton and the beam
(pi, pp are the incident v and the outgoing proton momenta
respeétively). With the small error on the beam direction and
the stopping proton angle measured to n10 milliradians we can
obtain an error on the missing mass of 130 MeV for the Al

region, 100 MeV for the A, and 60 MeV for M above 3 GeV (for

3
steeply dipping tracks the error is 20 milliradians). This

means that the A, can easily be separated from the A3, and that

1
any higher mass diffraction enhancement produced with a cross
section >20% of the Al cross section will be easily seen.,
Thus we will measure the total 7 - 37 diffraction dissociation
cross section (from t = .02 to ~ .10 GeVz)and its rough mass and
t dependence. Even though the outgoing mesons are in a very
small cbne, the number of outgoing charged pions can be determined
by track counting and/or bubble density. Thus we can similarly
determine n'+ 57/, 7w =+ 77 etc.

The cross section for Ai > 7 1 %" production in hydrogen is
340 20(1) ub, or 2.0% of the mp total inelastic cross section
and is approximately independent of beam momentum in the 8-20

GeV/c range. Therefore, we should be able to measure this cross

section to better than 10% and compare it to the cross section
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below 30 GeV/c to see if it remains constant. Similar com-
parisons can be done for Aj, 5my 7w, etc. The diffraction
events are easy to identify by their t distribution and mass
near the low end of phase space. Since we only measure the
proton angle and momentum and count the outgoing mesons by
track separation or bubble density, we can use a 20" fiducial
length.

3. Search for antiproton interactions. If the Cerenkov
counter is ready we would like to note those pictures that
have an antiproton or K in the beam. If the protons targeted
are 300 GeV/c and the negative beam is 150 GeV/c we might
expect the order of 1% or more antiproton interactions.(z)

4. We also intend to measure and analyze other topologies
in the film if this is feasible in terms of unique results.

Scan and Measurements.

The groups involved can scan and measure this film rapidly

to obtain the results very quickly. The intention is to

divide the film evenly among the 3 laboratories.

1. K. Paler, Nuclear Physics B18, 1970 (211).

2. Physics Letters 30B, 7 (1969).
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Evidence for a Diffractive Component in Multiparticle Production
at 102 GeV.*
Rochester;Michigan Collaboration
C. M. Bromberg, D. Cohen, T. Ferbei*, P. Slattery
University of Rochester

Rochester, New York 14627
and

J. W. Chapman, N. Green, B. P. Roe, A. A. Seid f
J. C. Vander Velde
University of Michigan

Ann Arbor, Michigan 48104

We have obtained an estimate of the inelastic diffractive
cross section by measuring the spectrum of slow recoil protons
coming from interactions of 102 GeV protons in hydrogen. The
data are from a preliminary 5000 picture exposure of the NAL
30-inch bubble chamber. We find a value for the total cross
section for single diffractive dissociation of 6.8 + 1.0 mb;

mainly contributed by the two-pronged and four-pronged topologies.

*Research supported by the U. S. Atomic Energy Commission.
tA., P. Sloan Research Fellow.

#¥Contributed paper, Amer. Phys. Society, New York (January, 1973.)
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The idea that high energy multiparticle production in
hadron—hadron collisions may occur through two distinct compon-
ents is not new.(l) It has been suggested that there may be
a diffractive dissociation (D) component and a non-diffractive
(ND) component, each of which have different multiplicity dis-
tributions and energy dependencies. Recently, multiplicity dis-
tributions obtained in pp collisiohs in the 13-200 GeV region
have been used to estimate the ratio of the D to ND components;

these estimates yield values for o, in the 7-9 mb range.(g)

D

In order to get a direct measure of a possible D component
in pp collisions, we have analyzed the spectrum of slow protons
produced in 102 GeV pp collisions in the NAL 30-inch hydrogen
bubble chamber. The present data afe from a preliminary 5000
picture exposure which yielded about 30 events/mb. We are
studying the reaction

p + p + p + anything (1)

and we select events which have a proton with lab momentum less
than 1.2 GeV/c. Such protons can be reliably identified by
ionization and we will refer to them as slow protons. The
mass (M) of the "anything" system can be obtained from a mea-
surement of the momentum and angle of the slow proton, yielding

2 of + .7 GeVE. Our separation of elastic and

a resolution in M
Inelastic events has been described elsewhere.(a) Due to the
rapid fall-off in transverse momentum, our lab momentum cut

does not introduce any appreciable bias in the data for values

of M° < 80 GevV-.
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In what follows we will be mainly concerned with the
type of diffractive process. 'wherein_only one of the incident
protons dissociates. D;type events of this variety are expected
to produce a peak at low M when the beam proton dissociates,
and a high M continuum when the target proton dissociates.
ND;type events (as well as the smaller DD-component which in-
volves the simultaneous dissociation of both incident protons)
will also contribute to the high M continuum. We look for
evidence for such possible behavicr by plotting the distribu-
tion in M2 for various topologies in Figure 1. The data show
a marked change in the slow proton spectrum as a function of
the number of charged prongs (n). Diffractive peaks at low

ME

are clearly evident for the 2 and 4 prong topologies, but
not for n = 6.

In Figure 2 we show the fraction of eaéh topology that
has both a slow proton and Ve < 50 Gev©. (We multiply the ob-
served fraction by two because of the symmetry of the pp system. )
If we interpret the cross section for M2 < 50 as having mainly
a diffractive origin, then we conclude from this graph that
Q-prong events may be almost tdtally diffractive whereas for
évents with n = 6, the diffractive component is no more than
10—20% of each topology. It is clear that the position of the
cut on M2 cannot critically alter the general features observed

in Figure 2.(4)

In Figure Za, we show do/dM2 for all slow protons, integrated

2
T

the distribution in M2 of the average prong number assoclated

over transverse momentum up to PS5 = .6 (GeV/c)g. Figure 3b shows
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with any M2. A priori one expects <n> to increase with M2 for
events in which the beam proton dissociates. For target pro;
ton dissociation and ND events one expects a weaker correlation
in th¢ high M region. We note a definite break in the <n> data
near M2 = 2b GeVg, which we employ as an arbitrary cut;off
value for the definition of the singly diffracted inelastic
component in the data. |

2

The cross section for M° < 25 GeV2 is (3.4 % 0.5)mb which

yields a total single diffractive cross section of 2 x (3.4 % 0.5)
= (6.8 = l.O)mb.(5) This is in good agreement with the estimates
of reference 2, and lends support to the idea of distinguishable

and approximately constant values of‘cD and o at higher energies,

ND

If we set o© = 0

D ND
op = (26.0 + 1.4)uwb at our energy. This is neglecting any

= (6.8 £ 1.0)mb, then we get o inelastic

possible double diffraction dissociation component o Assuming

DD’

2
D = 0 *%1astic T

be = 1.7 mb. This value for opp Mey be an overestimate because

of the expected kinematic damping of this process (t

factorization of vertices we can estimate o =

.. effect).
wmin

We nevertheless assign a value of 1.7 £ 1 mb to o The total

DD*
diffractive component is therefore estimated to be 8.5 £ 1.5 mb.

Ignoring the small DD contribution, we obtain <ny> = 3.44 + 0,17

and <nND> = 7.20 £ 0.21 for the average multiplicity of these two

components. We have examined the data for a possible difference

2

in the P, behavior of slow protons from the D (M~ < 25 GeVg) and

ND{ 25 < M° < 80 GeVg) samples but find no significant difference.
For P° < .6 (GeV/c)® we find <P5> = (0.137 & 0.012) (GeV/c)?

D
and <P§> = (0.136 = O.Oll)(GeV/c)Q. In Figure 4 we show the
ND

separate multiplicity distributions for the D and ND components

in our data. We obtain <n_> = 2.59 % 0.11 and D° = <n°> - <n > =
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2.27 + 0.19 for the ND component alone (where n_ is the number
of negative tracks). We note that the ND component gives an
excellent fit to a Poisson distribution in n . The x2 for the
Poisson fit is 2.5 for 7 degrees of freedom.(6)

In summary, we have obtained an estimate of the diffractive
production cross section in pp collisions at 102 GeV. Our value
of 8.5 + 1.5 mb for this inelastic component is consistent with
recent estimates based on the assmuption of two-component
multiplicity distributions in high energy collisions(g). We
wish to emphasize that our result is dependent on the identi-
fication of the observed low-mass enhancement in reaction (1)
with the cross section for single—?roton dissociation. Although
other definitions for the singly-diffracted component are cer-
tainly possible,(7) we regard our Ildentification of the peak
at small-M values with Op as the simplest interpretation.

We thank the staff of National Accelerator Laboratory,
and in particular that of the neutrino labor&tory, for their
help in obtaining the exposure. An illuminating disscussion

with G. L. Kane 1is appreciated.
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We point out that the cut at M2 = 50 C—eV2 is generous since
it allows 1 GeV for each charged track in the dissociating
system when n = 8. Most diffractive models assign smaller
values than this.

With considerably more data one could hope to obtaln a more
accurate measure of oy by taking into account its M depen-
dence and making a background subtraction. Such refinements
are not warranted at the present level of statistics.

This is not very surprising in view of the Tact that the
shape of the full sample of data does not differ markedly
from a Poisson distribution at this energy ( see ref. 3).

It is of interest to look fof similar behavior at higher
energies where the full sample deviates more from Poisson.
Proponents of nova-type of models, in particular, would
argue that our measurement of diffraction production may
represent only a lower 1limit for the process. See for example

the discussion of R. Slansky in the Yale Report No. 3075-18

(1972).

Figure Captions

Figure 1. The distribution of missing mass squared recolling

against the slow proton for various topologies.

(M2 = 100 GeV® corresponds to x =-U48 in the c.m.)

The division of events by prong number in the lowest
graph is as follows: 8 prongs (38), 10 prongs (13),

12 prongs (9), 14 prongs (3). We estimate a 5 to

15% loss of events at high P, in the region 80 <:M2 < 100

due to our slow proton cut.



Figure 2.

Figure 3.

Figure 4,

-7~

The fracticn (times two) of each total topology

having a slow proton with lab momentum less than

1.2 GeV/c and M° < 50 GeVe,

2

(a) The cross section do/dM” for all slow proton

events with Pi < .6 (GeV/c)g. The values here have
not been multiplied by the factor of two for symmetry.
(b) The average prong number vs,. M2 for the same
sample as (a).

Separate multiplicity distributions for D and ND
components. The D component is comprised of twice

the number of events with a slow proton and M2 <

2b GeVg. The ND component is defined as the remain-
der of the inelastic events. The curve is a Poisson

with <n_> = 2.50
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